Key indicators: single-crystal X-ray study; T = 296 K; mean (C-C) = 0.004 Å; R factor = 0.068; wR factor = 0.238; data-to-parameter ratio = 16.6.
Experimental
Crystal data C 10 H 4 O 2 S 2 M r = 220.25 Monoclinic, P2 1 =n a = 5.6402 (5) Å b = 5.7745 (5) Å c = 13.6223 (12) Å = 97.371 (1) V = 440.00 (7) Å 3 Z = 2 Mo K radiation = 0.57 mm À1 T = 296 K 0.08 Â 0.06 Â 0.04 mm
Data collection
Bruker APEXII diffractometer Absorption correction: multi-scan (SADABS; Sheldrick, 2001) T min = 0.955, T max = 0.978 4888 measured reflections 1062 independent reflections 815 reflections with I > 2(I) R int = 0.072 Refinement R[F 2 > 2(F 2 )] = 0.068 wR(F 2 ) = 0.238 S = 1.09 1062 reflections 64 parameters H-atom parameters constrained Á max = 0.78 e Å À3 Á min = À0.57 e Å À3 Table 1 Hydrogen-bond geometry (Å , ).
Symmetry code: (i) x À 1; y À 1; z.
Data collection: APEX2 (Bruker, 2010) ; cell refinement: SAINT (Bruker, 2009 ); data reduction: SAINT; program(s) used to solve structure: SHELXS97 (Sheldrick, 2008) ; program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) ; molecular graphics: Crys-talMaker (Palmer, 2009) ; software used to prepare material for publication: SHELXTL (Sheldrick, 2008) .
Given our interest in this field, we have isolated single crystals of this compound for structural determination. This structure is important in that it appears as crystalline products in poorly purified materials.
A thermal ellipsoid plot ( Fig. 1 ) displays the molecular structure of the title compound. Figure 2 shows a packing diagram of the crystal structure. Weak intermolecular interactions attribute to the packing of this compound, see: Sinnokrot et al. (2002) ; Janiak (2000) . The closest CH···centroid distance is C1-H1···Cg1 at 3.715 (4) Å between a hydrogen atom and the center of a neighboring thiophene ring. No classic hydrogen bonds were found, but a weak hydrogen bond from C5-H5···O1 is present at 3.319 (4) Å D-A distance.
Experimental
The title compound was prepared according to a modified literature procedure (Beimlung & Kossmehl, 1986) . In a typical reaction, 2 g of 3-theonic acid was reacted with excess thionyl chloride (50 ml) at reflux temperature overnight to produce the resulting acid chloride. Upon removal of the thionyl chloride, the acid chloride was dissolved in toluene (minimum amount). The acid chloride was then added to excess diethylamine (approximately 42 ml) to produce the thiophene amide. The product was isolated in diethyl ether, concentrated, and then re-dissolved in ether (30 ml). The amide was then cyclized with excess n-butyl lithium (1.6 M in hexane, approximately 7 ml) added dropwise and allowed to stir overnight. The reaction was quenched with water, filtered, and recrystallized from glacial acetic acid in a 31-45% yield depending on reaction.
Upon isolation of the final compound, crystals suitable for X-ray diffraction were obtained from slow evaporation of approximately 20 mg of product in approximately 5 ml of chloroform. Clear, yellow block crystals formed overnight.
Refinement
Crystallography. Hydrogen atom positions were placed in calculated positions and allowed to ride on the coordinates of the parent atom [C-H distances at 0.93 Å and U iso (H)=1.2U iso (C)].
Computing details
Data collection: APEX2 (Bruker, 2010) ; cell refinement: SAINT (Bruker, 2009 ); data reduction: SAINT (Bruker, 2009 ); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008) ; program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) ; molecular graphics: CrystalMaker (Palmer, 2009) ; software used to prepare material for publication:
SHELXTL (Sheldrick, 2008) . Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > σ(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 )
x y z U iso */U eq S1 0.13427 (18) Geometric parameters (Å, º) S1-C1 1.691 (4) C2-C3 1.467 (5) S1-C2 1.700 (3) C3-C4 i 1.468 (5) O1-C3 1.232 (4) C4-C3 i 1.468 (5) C1-C5 1.455 (5) C4-C5 1.486 (4) C1-H1 0.9300 C5-H5 0.9300 C2-C4 1.374 (4) C1-S1-C2 91.10 (17) O1-C3-C4 i 123.0 (3) C5-C1-S1 116.6 (3) C2-C3-C4 i 114.0 (3) C5-C1-H1 121.7 C2-C4-C3 i 121.3 (3) S1-C1-H1 121.7 C2-C4-C5 114.7 (3) C4-C2-C3 124.7 (3) C3 i -C4-C5 124.0 (3) C4-C2-S1 113.5 (3) C1-C5-C4 104.2 (3) C3-C2-S1 121.8 (2) C1-C5-H5 127.9 O1-C3-C2 123.0 (3) C4-C5-H5 127.9
Symmetry code: (i) −x, −y+1, −z+2.
Hydrogen-bond geometry (Å, º)
D-H···A D -H H···A D ···A D -H···A C5-H5···O1 ii 0.93 2.44 3.319 (4) 158
Symmetry code: (ii) x−1, y−1, z.
